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Abstract 
Morphometric analysis is one of the important aspects of quantitative geomorphology 
which is primarily used to study the geometrical aspects of the landforms. The study was 
undertaken with the objectives of evaluating morphometric characteristic and prioritizing 
the watersheds of Bhadar basin based on its morphometric characteristics.  Linear, relief 
and aerial aspects were calculated for watershed characterization. The watersheds were 
ranked on the basis of high values of linear parameters and low values of shape parame-
ters. A total of 16 watersheds 5G1B1, 5G1B2, 5G1B3, 5G1B4, 5G1B5, 5G1B6, 5G1B7, 
5G1B8, 5G1B9, 5G1B10, 5G1B11, 5G1B12, 5G1B13, 5G1B14, 5G1B15 and 5G1B16 
were identified in the Bhadar basin and morphometric characteristic of each watershed 
was determined. Highest priority indicated the greater degree of erosion in the particular 
watershed and it therefore priority should be given in applying soil conservation 
measures. It was concluded that the watershed 5G1B15 should be given highest priority 
because of higher erosion problems over other watersheds of Bhadar basin while 5G1B4 
should be given the least priority. 
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INTRODUCTION 
The natural structure of any drainage basin and 
can be expressed in a quantitative way through 
measurement of aerial, linear and relief aspect 
(Horton, 1945). Morphometric analysis represents 
the analysis of the configuration of the shape and 
dimension of landforms of earth (Agarwal, 1998). 
The quantitative expression of drainage basin 
morphometry was first presented by Horton (1945) 
and after that, Strahler (1952) developed a stream 
order system. The quantitative analysis of mor-
phometric parameters is has tremendous applica-
tions in evaluating river basin, prioritization of wa-
tersheds and management of natural resources 
(Malik et al., 2011). The evaluation of morphomet-
ric characteristics is possible from analysing drain-
age parameters such as basin area, perimeter, 
stream orders, length of drainage channels, drain-
age density, stream frequency, bifurcation ratio, 
elongation and circulation ratio, texture ratio, basin 
relief, slope ratio, ruggedness number and length 
of over land flow (Kumar et al., 2000; Nag and 
Chakraborthy, 2003). Morphometric analysis in a 
drainage basin is important for hydrological inves-
tigation and management of drainage basin 
(Rekha et al. 2011). By field observation alone, it 
is difficult to examine all drainage networks due to 
their extent throughout basin and therefore ad-
vanced tools of Geographic Information System 
(GIS) is useful for extracting and evaluating the 
characteristic of the basin in terms of its hydrologi-
cal response (Ali et al., 2017). The morphometric 
characteristics gives an insight to the problems 
associated with watersheds such as runoff and 
erosion and therefore, these morphometric char-
acteristics are useful in prioritizing the watersheds 
which needs appropriate soil and water conserva-
tion measures.  
Varade et al. (2018) analysed the morphometric 
characteristics of Dhaneri Watershed, Gambhar 
River Basin, Himachal Pradesh, India. The study 
area of Dhaneri watershed has been divided into 
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seven sub-watersheds (I to VII) and investigated 
with respect to various morphometric aspects Var-
ious morphometric aspects of Dhaneri watershed 
showed good correlation, which indicated that the 
soil characteristics of the study area were gov-
erned by surface erosion phenomena. Relative 
weightage system involving hierarchal rankings to 
various morphometric aspects was used to evolve 
compound values showing low, medium and high 
land priority zones in the study area. It was con-
cluded that the sub-watersheds 'V' and 'VI' need-
ed formulation of proper development plans for 
harnessing their natural resources on urgent ba-
sis.  Farhan et al. (2018) carried out prioritization 
of 76 fourth-order sub-watersheds using morpho-
metric analysis of linear and shape parameters in 
a semi-arid drainage basin in Southern Jordan 
using GIS, morphometric analysis and multivariate 
statistics. Ranks were designated to each sub-
watershed on the basis of the calculated com-
pound parameter. The total score for each sub-
basin was calculated based on the threat of ero-
sion. Appropriate soil and water conservation 
measures should be planned based on the results 
to achieve agricultural sustainability in the study 
region. The study was undertaken with the objec-
tives of evaluating the morphometric characteris-
tics of the watersheds of Bhadar basin and priori-
tizing the watersheds based on their morphomet-
ric characteristics.  
Study area: Saurashtra is the western peninsular 
region of Gujarat, which covers an area of about 
58,743 square km lying over Arabian Sea Coast, 
with the coastline of about 925 km length. In 
Saurashtra, Bhadar is one of the major rivers that 
drains about 1/7th of the Saurashtra area. The 
Bhadar basin is situated between 21o 25’ to 22o 
10’ North latitude and 69o 45’ to 71o 20’ East lon-
gitude. The location of the study area is given in 
Fig. 1.  
MATERIALS AND METHODS 
This section includes the methods used for mor-
phometric analysis of watersheds and prioritiza-
tion. The ArcGis software was used for calculation 
of the morphometric characteristics. The SRTM 
(Shuttle Radar Topography Mission) 30-m image 
of Saurashtra region with study area was used for 
the GIS interpretation (http://
earthexplorer.usgs.gov/). 
Morphometric analysis of watershed: The 
drainage map of basin was opened into the 
ArcMap environment. The stream ordering was 
done in ArcMap manually using Editor tool. Each 
stream segment was edited and stream order was 
given in attribute table simultaneously. The tools 
like Flip and Merge were used to change the di-
rection of flow and to join the stream segment, 
respectively. Simultaneously the cartosat image of 
Gujarat state with study area was used to view the 
flow direction of each stream segment. The drain-
age map was then clipped into 16 watersheds 
using clipping tool for further geomorphological 
analysis. Linear aspects, Aerial aspects and relief 
aspects of watershed were calculated using the 
following equations given in Table 1. 
Watershed prioritization: These linear parame-
ters such as Bifurcation ratio (Rb), Stream Fre-
quency (Fs), Length of overland flow (Lg), Texture 
Ratio (T) Drainage Density (Dd), and relief param-
eters like relief, relative relief and relief ratio bear 
a direct relationship with erodibility. Therefore, 
higher values of the linear parameters indicate 
higher erodibility. For watershed prioritization, 
rank 1 was assigned to the highest value of linear 
parameters, rank 2 was assigned to the second 
highest linear parameter value and so on, and the 
last rank was given to the least value of linear pa-
rameters. Shape parameters such as  Elongation 
Ratio (Re), Form Factor (Rf), Circulatory Ratio 
(Rc) and Compactness Coefficient (Cc) do not 
have a direct relationship with erodibility; they are 
inversely related (Ratnam et al., 2005). Therefore, 
if the value of shape parameters is low then it is 
an indication of high erodibility. Rank 1 was given 
to lowest shape parameter values, rank 2 was 
given to the next lower value of shape parameters 
and so on. A compound value (Cp) was obtained 
once the ranks considering the linear and shape 
parameters were added for each sub-watershed. 
Least priority was given to the watershed with the 
highest value of compound parameter and vice-
versa.  
RESULTS AND DISCUSSION 
The various geomorphologic parameters like line-
ar, shape and relief parameters of the Bhadar riv-
er basin area were determined and summarized in 
Table 2 to Table 7.   
The Bhadar river basin was divided into 16 water-
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Fig. 1. Location map of Bhadar basin of Saurashtra 
region in Gujarat. 
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sheds with codes shown in Fig. 2. The codes of 
the sub-watersheds are 5G1B1, 5G1B2, 5G1B3, 
5G1B4, 5G1B5, 5G1B6, 5G1B7, 5G1B8, 5G1B9, 
5G1B10, 5G1B11, 5G1B12, 5G1B13, 5G1B14, 
5G1B15 and 5G1B16. 
The prioritization map of watershed of Bhadar river 
basin is shown in Fig. 3.  
The Bhadar river basin is of 7th order basin.  The 
watersheds 5G1B15, consisted of 1st to 7th stream 
orders. The higher amount stream order indicated 
lesser permeability and infiltration in these water-
sheds. Drainage patterns of stream network from 
the basin have been observed as mainly dendritic 
type which indicated the texture homogeneity. The 
bifurcation ratio (Rb) ranged from 1.50 to 12 which 
meant that the geologic structures did not distort 
the drainage pattern..All watersheds showed drain-
age density more than 2 km/km2 which indicated 
the presence of impermeable sub-surface, bare 
vegetation and high relief. The stream frequency 
for all 16 watersheds of the study area exhibited 
correlation which was positive with the drainage 
density which indicated that with the increase of 
drainage density stream population increased. The 
watersheds were found to be elongated in nature 
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Fig. 2.  Watershed map of Bhadar river basin 
(ArcGIS). 
Fig. 3. Prioritization of watershed of Bhadar river 
Table 1.  Morphometric parameters used for watershed characterization of Bhadar.   
Sr. 
No. 
Morphometric parame-
ters Formula Reference 
1 Stream Order  Hierarchical Strahler (1964) 
2 Stream Length, Km (Lu)  Length of stream Horton (1945) 
3 Mean stream length (Lsm) 
Lsm = Lu/Nu 
Where,  Lu=total stream length of order u                            Nu= 
Total number of stream  segments of order ’u’ 
Strahler (1964) 
4 Stream Length ratio (RL) 
RL = Lu/(Lu-1) 
Where,   Lu= Total stream length of order ’u’ 
 u-1=Total no of stream  segments of its Next lower  order 
Horton (1945) 
5 Bifurcation ratio (Rb) 
Nb = Nu/(Nu+1) 
Where, Nu= Number stream segments of  order’u’ Nu+1=Number of 
stream segments of next higher  order 
Schumn (1956) 
6 Mean bifurcation ratio(Rbm) 
Average of bifurcation ration of all orders Strahler (1957) 
7 Length of main channel (Lm) Km 
Length along longest water course  form the outflow point of des-
ignated sub-basin to the upper limit of catchment boundary Horton (1945) 
8 Drainage Density (Dd) 
Dd = Lu/A 
Where, Lu=Total stream length of all orders, km 
             A=Area of the Basin,km2 
Horton (1932) 
9 
Length of 
overland flow 
(Lg) 
Lg = 1/ Dd----
2 
Where, Dd = Drainage Density 
Horton (1945) 
10 Basin length (Lb) Km Distance between outlet and farthest point on  basin boundary Horton (1945) 
11 Basin perimeter (P) Km Length of watershed divide which surround the Basin Horton (1945) 
12 Fineness ratio (Rfn) 
 Rfn = Lb/P 
Where, Lb = Basin length, km, P = Basin perimeter, km 
Melton (1957) 
13 Basin/drainage area (A) Area enclosed within the boundary of watershed divide Horton (1932) 
14 Constant of channel maintenance (C) 
C=1/D 
Where, D=Drainage Density, km/km2 
Horton (1932) 
  
15 Stream frequency (Fs) 
Fs = Nu/A 
Where, Nu= Total number of stream segments of all order, A = 
Area of the Basin, km2 
Horton (1932) 
16 Circulatory ratio (Rc) 
Rc = 2 R x A / P2 
Where, Rc=Circularity Ratio, A=Area of the basin,km2 Miller (1953) 
17 Elongation ratio (Re) 
Re = 2R / Lb 
Where,  A = Area of the basin,km2 
 R=radius of circle whose area equal to basin   area, 
 Lb =Basin length 
Schumm (1956) 
18 Form Factor(Rf) 
Rf  = A / Lb 
 Where,  A  = Area of the basin,km2, Lb =  Basin length 
Horton (1932) 
19 Total relief (H) H = is the maximum vertical distance between the lowest (outlet) and the highest (divide) points in the watershed. Schumm (1956) 
20 Relief ratio (Rh) 
 Rh= H/Lb 
Where, H =basin total relief, Lb = basin Length 
Schumm (1956) 
21 Relative relief (Rp) 
Rp = H / P 
Where  H = total relief, P = Perimeter Melton (1957) 
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Table 2. Linear aspects of Bhadar river basin. 
Stream orders, numbers and  length 
Stream 
order 
No    of streams Total length of streams, 
km 
Mean stream 
length, km 
Length of overland 
flow km 
1 3652 10564.38 2.89 0.20 
  2 1963 4118.11 2.10 
3 995 1495.70 1.50 
4 122 482.49 3.95 
5 18 456.27 25.35 
6 12 1416.56 118.05 
7 1 17.21 17.21 
Bifurcation ratio (Nu/Nu+1) 
1st /2nd 2nd/3rd 3rd/4th 4th/5th 5th/6th 6th/7th Mean 
1.86 1.97 8.16 6.78 1.50 12 5.38 
Stream length ratio (Lu+1/Lu) 
2nd/1st 3rd/2nd 4th/3rd 5th/4th 6th/5th 7th/6th Mean 
0.73 0.72 2.63 6.41 4.66 0.15 2.55 
Table 3. Aerial aspects of Bhadar river basin. 
Aerial aspects of basin 
Drainage 
density  
(km/km2) 
Stream fre-
quency (1/
km) 
Circularity 
ratio 
Compactness 
coefficient 
Form 
factor 
Elongation 
ratio 
Drainage 
texture 
(1/km) 
2.53 0.92 0.011198 9.44 0.01136 0.12030 2.36 
Table 4. Relief aspects of Bhadar river basin. 
Relief parameters of basin 
Relief, km Relief ratio Relative  relief Channel  slope km/km Ground   slope, km/km 
0.303 0.000377 0.01056 0.24 0.77 
Table 5. Linear aspects of watersheds of Bhadar river basin. 
A. Stream orders, numbers and length 
watershed 
Stream 
order 
No of streams 
Total length of 
streams, km 
Mean stream length, km 
Length of 
overland 
flow, km 
5G1B1 
1 228 686.18 3.01 
0.18 
2 131 281.85 2.15 
3 47 72.59 1.54 
4 5 34.41 6.88 
5 1 36.55 36.55 
6 1 145.09 145.09 
5G1B2 
1 280 810.66 2.89 
0.20 
2 158 329.38 2.08 
3 75 117.68 1.57 
4 42 32.95 0.78 
5 1 32.04 32.04 
5G1B3 
1 324 950.73 2.93 
0.20 
2 165 343.50 2.08 
3 91 135.76 1.49 
4 6 35.16 5.86 
5 1 39.99 39.99 
5G1B4 
1 10 33.94 3.39 
0.05 
2 5 11.56 2.31 
3 0 0 0 
4 0 0 0 
5 0 0 0 
6 1 3.91 3.91 
5G1B5 
1 533 1476.33 2.76 
0.23 
2 296 600.95 2.03 
3 142 220.54 1.55 
4 13 103.03 7.92 
5 3 34.78 11.59 
6 1 145.10 145.09 
Contd..…. 
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Contd..…. 
5G1B6 
1 327 934.56 2.85 
0.21 
2 176 373.23 2.12 
3 111 165.63 1.49 
4 4 38.78 9.69 
5 1 24.36 24.36 
5G1B7 
1 21 75.67 3.60 
0.05 
2 5 14.91 2.98 
3 2 2.97 1.48 
6 1 8.10 8.10 
5G1B8 
1 77 259.88 3.37 
0.12 
2 37 71.04 1.92 
3 31 49.37 1.59 
6 1 12.12 12.12 
5G1B9 
1 217 631.44 2.91 
0.18 
2 110 219.54 1.99 
3 60 90.20 1.50 
4 29 21.10 0.72 
5 1 0.015 0.015 
6 1 20.99 20.99 
5G1B10 
1 445 1235.20 2.77 
0.23 
2 247 481.78 1.95 
3 140 215.29 1.53 
4 6 72.97 12.16 
5 2 20.48 10.24 
6 1 36.89 36.89 
7 0 0 0 
5G1B11 
1 354 995.30 2.81 
0.22 
2 172 372.09 2.16 
3 135 187.73 1.39 
4 4 25.41 6.35 
5 1 50.87 50.87 
5G1B12 
1 137 427.57 3.12 
0.16 
2 68 157.73 2.31 
3 20 27.72 1.38 
4 2 27.70 13.85 
5 1 11.07 11.07 
5G1B13 
1 36 97.16 2.69 
0.12 
2 19 48.78 2.56 
3 3 3.21 1.07 
4 0 0 0 
5 1 50.87 50.87 
6 1 36.89 36.89 
5G1B14 
1 305 874.83 2.86 
0.19 
2 170 366.36 2.15 
3 63 95.02 1.50 
4 6 40.30 6.71 
5 1 39.99 39.99 
6 1 145.09 145.10 
5G1B15 
1 208 635.69 3.06 
0.16 
2 120 245.28 2.04 
3 46 62.52 1.36 
4 2 36.43 18.21 
6 2 0.037 0.018 
7 1 17.20 17.20 
5G1B16 
1 150 439.19 2.92 
0.20 
2 84 200.05 2.38 
3 29 49.41 1.70 
4 3 14.20 4.73 
5 1 11.18 11.18 
B. Bifurcation ratio 
Watershed 1st/2nd 2nd/3rd 3rd /4th 4th /5th 5th/6th 6th/7th Mean 
5G1B1 1.74 2.78 9.4 5 1 - 3.98 
5G1B2 1.77 2.10 1.78 42 - - 11.91 
5G1B3 1.96 1.81 15.16 6 - - 6.23 
5G1B4 2 - - - 1 - 1.5 
5G1B5 1.80 2.08 10.92 4.33 3 - 4.43 
5G1B6 1.85 1.58 27.75 4 - - 8.80 
5G1B7 4.2 2.5 - - 1 - 2.56 
5G1B8 2.08 1.19 - - 1 - 1.42 
5G1B9 1.97 1.83 2.06 29 1 - 7.17 
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Table 6. Aerial aspects of watersheds of Bhadar river basin. 
Watershed Drainage 
density 
(km/km2 ) 
Stream fre-
quensy  (1/
km2) 
Elonga-
tion ratio 
Circularity 
ratio 
Form 
factor 
Compactness 
coefficient 
Drainage 
texture 
(1/km) 
5G1B1 2.74 0.90 0.40 0.14 0.13 2.64 2.05 
5G1B2 2.51 1.05 0.42 0.16 0.14 2.46 2.76 
5G1B3 2.49 0.97 0.47 0.19 0.18 2.25 2.98 
5G1B4 9.96 0.74 0.56 0.20 0.25 2.21 0.45 
5G1B5 2.21 0.81 0.46 0.16 0.17 2.50 3.18 
5G1B6 2.30 0.92 0.50 0.20 0.20 2.23 3.03 
5G1B7 8.41 0.95 0.38 0.18 0.12 2.34 0.64 
5G1B8 4.06 1.07 0.47 0.12 0.18 2.82 1.25 
5G1B9 2.71 1.01 0.45 0.11 0.16 3.04 1.91 
5G1B10 2.17 0.88 0.47 0.20 0.17 2.24 3.42 
5G1B11 2.28 0.93 0.40 0.16 0.12 2.47 2.84 
5G1B12 3.04 0.87 0.46 0.15 0.17 2.60 1.54 
5G1B13 4.25 1.07 0.45 0.22 0.16 2.10 1.07 
5G1B14 2.57 0.90 0.41 0.14 0.13 2.61 2.39 
5G1B15 3.04 0.97 0.38 0.06 0.11 3.83 1.41 
5G1B16 2.54 0.95 0.42 0.14 0.14 2.61 1.71 
Table 7. Relief aspects of watersheds of Bhadar river basin. 
Watershed Relief  km Relative relief 
km/km Relief ratio 
Channel slope 
km/km 
Ground slope, 
km/km 
5G1B1 0.185 0.0922 0.00307 0.00195 0.00307 
5G1B2 0.186 0.0926 0.00306 0.00195 0.00306 
5G1B3 0.144 0.0732 0.00246 0.00157 0.00246 
5G1B4 0.051 0.135 0.00532 0.00339 0.00532 
5G1B5 0.225 0.0725 0.00266 0.00170 0.00266 
5G1B6 0.144 0.0705 0.00249 0.00158 0.00249 
5G1B7 0.056 0.120 0.00344 0.00219 0.00344 
5G1B8 0.091 0.0775 0.00328 0.00209 0.00328 
5G1B9 0.139 0.0633 0.00277 0.00176 0.00277 
5G1B10 0.261 0.1063 0.00355 0.00226 0.00355 
5G1B11 0.246 0.1049 0.00325 0.00207 0.00325 
5G1B12 0.141 0.0949 0.00359 0.00229 0.00359 
5G1B13 0.065 0.1166 0.00346 0.00220 0.00346 
5G1B14 0.283 0.124 0.00415 0.00264 0.00415 
5G1B15 0.267 0.0999 0.00460 0.00293 0.00460 
5G1B16 0.047 0.0302 0.00104 0.00066 0.00104 
5G1B10 1.80 1.76 23.33 3 2 - 6.38 
5G1B11 2.05 1.27 33.75 4   - 10.27 
5G1B12 2.01 3.4 10 2 1 - 3.68 
5G1B13 1.89 6.33 - - 1 - 3.07 
5G1B14 1.79 2.69 10.5 6 1 - 4.40 
5G1B15 1.73 2.60 23 - - - 7.33 
5G1B16 1.78 2.89 9.66 3 - - 4.33 
C. Stream length ratio 
Watershed 2nd /1st 3rd/2nd 4th /3rd 5th/4th 6th/5th 7th/6th Mean 
5G1B1 0.71 0.71 4.45 5.31 3.96   3.03 
5G1B2 0.72 0.75 0.50 40.84     10.70 
5G1B3 0.70 0.71 3.92 6.82     3.04 
5G1B4 0.68       3.96   2.32 
5G1B5 0.73 0.76 5.10 1.46 12.51   2.01 
5G1B6 0.74 0.70 6.49 2.51     2.61 
5G1B7 0.82 0.49 0 0 5.95   2.42 
5G1B8 0.56 0.82 0 0 4.52   1.97 
5G1B9 0.68 0.75 0.48 15.22 13.09   3.78 
5G1B10 0.70 0.78 7.90 0.84 3.60   2.30 
5G1B11 0.76 0.64 4.56 8.00     2.79 
5G1B12 0.74 0.59 9.99 0.79 13.09   3.60 
5G1B13 0.95 0.41 0 0 0.72   0.70 
5G1B14 0.75 0.69 4.45 5.95 3.62   2.58 
5G1B15 0.66 0.66 13.40     0.18 2.10 
5G1B16 0.81 0.71 2.77 2.36     1.67 
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i.e. they assumed a pear shaped characteristics 
indicating high degree of integration. The elongat-
ed watershed with low value of form factor indicat-
ed that the basin had a flatter peak flow for longer 
duration. The low circularity ratio was observed in 
all watersheds indicating that they were more or 
less elongated in shape, which also indicated low 
discharge of runoff and highly permeability of the 
subsoil. Coarse texture was found in watershed 
5G1B1, 5G1B2, 5G1B3, 5G1B5, 5G1B6, 5G1B10, 
5G1B11 and 5G1B14 which mean that they had 
less runoff potential. The watersheds 5G1B4, 
5G1B7, 5G1B8, 5G1B13 and 5G1B16 were of low 
relief region and remaining were of moderate re-
lief region. It was noticed that the lower values in 
case of most watershed indicated the existence of 
basement rocks. In another study Wandre et al. 
(2015) morphometric characteristics were used for 
prioritization of Shetrunji river basin. Such study 
could prove very useful for watershed planners to 
implement the appropriate soil and water conser-
vation measures to the prioritized watershed.  
Conclusion 
The individual values of compound parameters for 
the watersheds 5G1B1, 5G1B2, 5G1B3, 5G1B4, 
5G1B5, 5G1B6, 5G1B7, 5G1B8, 5G1B9, 5G1B10, 
5G1B11, 5G1B12, 5G1B13, 5G1B14, 5G1B15 
and 5G1B16  were found as 8.25, 7.00, 9.33, 
10.83, 9.25, 9.75, 8.16, 10.33, 9.00, 7.66, 6.25, 
9.41, 8.41, 6.5, 5.66 and 10.16 respectively. Prior-
ity of watershed was allotted on the basis of com-
pound parameter value. That means that the level 
of soil erosion increased with decrease in values 
of compound parameters or the priority increased 
with decrease in their values (Mishra et al, 
2010).The ascending order of priority of water-
sheds was 5G1B7, 5G1B4, 5G1B11, 5G1B16, 
5G1B10, 5G1B13, 5G1B6, 5G1B15, 5G1B9, 
5G1B5, 5G1B2, 5G1B12, 5G1B8, 5G1B3, 5G1B1 
and 5G1B14 respectively. Therefore the water-
shed 5G1B15 should be treated first while 5G1B4 
at last. Highest priority indicated the greater de-
gree of erosion in the particular watershed and it 
therefore priority should be given in applying soil 
conservation measures. 
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